Objective: This study was designed to compare the severity of gastrointestinal (GI) side effects in Type 2 diabetes mellitus (DM) patients receiving tablet or capsule forms of metformin. Methods: In this prospective interventional study, patients were evaluated from June to November 2016 at DM clinics affiliated to Isfahan University of Medical Sciences, Isfahan, Iran. Adult patients with Type 2 DM who were eligible for inclusion criteria switched from metformin tablet to metformin capsule. Hemoglobin A1c (HbA1c), GI side effects, and patient satisfaction based on visual analog scale (VAS) were assessed during a 6-week follow-up of receiving metformin capsule. Findings: One hundred and three patients were evaluated, and 75 patients participated in this study. At the baseline, 40 patients (53.3%) had GI side effects due to metformin tablet which was reduced to 16 patients (21.3%) after switching to metformin capsule (P = 0.001). There was also an improvement in HbA1c (from 7 to 6.8, P < 0.0001). The results of patients' satisfaction based on VAS and numeric rating scale indicated that in 59 patients (78.67%), GI side effects were reduced after switching to metformin capsule (mean score: 7.2 with the range of 6-9) while 16 patients stated no treatment preference. Conclusion: Switching to metformin capsule may result in less GI side effects, with no further side effect complications.
Introduction
T ype 2 diabetes mellitus (DM) is a chronic and progressive disease, which needs strict monitoring and control from diagnosis and also through different stages of the disease. [1, 2] High prevalence of this disorder imposes a significant burden to the global health, and thus, numerous efforts have been utilized for both prevention and management of this worldwide concern. [3, 4] Metformin, a biguanide antihyperglycemic medication, [5] is still considered as the best medication and the first line of treatment either as monotherapy or in combination with other drugs for Type 2 DM due to its efficacy, very low risk of hypoglycemia and weight gain, and low cost. [1, [6] [7] [8] [9] [10] [11] It also has very low risk for including lactic acidosis as a side effect. [12] In this study, we aimed to compare the patients' satisfaction and GI side effects of oral metformin in either dosage forms of tablet or capsule.
Methods
This prospective interventional study was conducted from June to November 2016 at DM clinics affiliated to Isfahan University of Medical Sciences, Isfahan, Iran. The study obtained approval from the Research Council and Ethics Committee of Isfahan University of Medical Sciences (No. 395013).
At first, patients diagnosed with Type 2 DM who were treated by metformin tablet alone or in combination with other oral antidiabetic drugs were invited to participate in the study. Then, the participants were selected by the following criteria.
Components if the criteria by which the patients were selected consist of adult (age >18 years), Type 2 DM patients, with 6.5%< hemoglobin A1c (HbA1c) <9.5%. Criteria of noninclusion are patients being treated with insulin, had received systemic corticosteroids during recent 3 months, chronic gastroparesis or chronic severe GI symptoms, history of gastric or duodenal ulcers, any inadequately controlled or untreated cardiovascular, hepatic, pulmonary, renal, or neurologic conditions, glomerular filtration rate <50 ml/min, pregnancy or plan of pregnancy.
After obtaining written informed consent from the selected patients, the data were recorded in a checklist including demographic information (date of birth, gender), body weight and height, laboratory test results (HbA1c, fasting blood sugar, creatinine), medical and surgical history, and relevant medication history. Furthermore, GI side effects before the study related to metformin tablet including diarrhea, nausea, vomiting, abdominal pain, and bloating were asked and mentioned in the checklist. All included patients received metformin capsule with the same amount of metformin tablet, previously which was kindly provided by Farabi Pharmaceuticals, Isfahan, Iran, on our request which contained 500 mg metformin powder in addition to 5 mg magnesium acetate inside the hard gelatin capsule (HGC) in conventional release formulation.
During the study, patients were excluded from the study if they needed insulin, had GI adverse event, could not tolerate metformin capsule, or wanted to leave the study voluntarily. Patients receiving metformin capsule were followed and evaluated every 1-2 weeks for a total of 6 weeks. Evaluations for each visit included self-monitoring blood glucose (SMBG) results, vital signs, severity of GI side effects and adverse events by completing the researcher-designed form which was taken from visual analog scale (VAS) and numeric rating scale (NRS), [13] including the severity of GI side effect rating from 1 (the least) to 10 (the most). HbA1c, SMBG results, GI tolerability, and adverse events were assessed at baseline and on completion of the study to compare with each other. Related forms were filled by interview and also appropriate laboratory measures. At the end of the study, patients' satisfaction forms, the researcher-designed form which was retrieved from VAS and NRS [13] including rating from 1 (the worst) to 10 (the best), were completed to evaluate the acceptability of metformin capsule consumption over metformin tablet. 
Results
One hundred and three patients were evaluated for possible enrollment, of which 87 patients met the inclusion criteria. Over 6 weeks of follow-up, 12 patients withdrew the study voluntarily, 5 patients in the 2 nd week, and 7 in the 4 th week; the reasons were mostly social and economic ones arising from repeated attendance at the clinic. Data for 75 eligible patients were analyzed. Demographic characteristics of patients are summarized in Table 1 . Sixty-four patients (85.33%) were on metformin alone and the others (14.67%) were on combination of metformin with other antihyperglycemic medications. The mean daily dose of was associated with a 0.96% reduction in HbA1c (7-6.8). This degree of decrement although statistically significant is not clinically important.
Some studies have shown taking metformin tablets at mealtimes, or using careful dose adjustment to minimize poor compliance with immediate release form of metformin [6, 8] or switching to extended release form of metformin can reduce GI symptoms. [10, 14] However, it was reported that some patients may discontinue therapy due to the higher medication costs. The disintegration time for HGCs is about 15 min. [15] Since metformin capsule used in this study provided efficacy and patient satisfaction, it may be considered a good alternative to the previous formulations, bearing in mind that the cost of therapy with this dosage form will not be much different from that with conventional tablets.
Our study had some limitations which included open-label design with no comparator, leaving a number of patients during the study due to repeated attendance at clinic, using simple questioning techniques rather than validated quality of life measures to record GI side effects and patients' satisfaction, not evaluating GI side effects after switching the patients back to metformin tablet, and seeing if the time passing can improve GI compliance.
Further studies are therefore required to resolve these limitations with a large double-blinded study and to specify the exact time of drug release from capsules in GI tract to rationalize the better GI tolerability of metformin capsules. Capsular form of metformin may result in decrement of GI side effects and intolerability in diabetic patients and may be an option for those that metformin is an appropriate medication for them but cannot tolerate it due to the mentioned side effects.
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There are no conflicts of interest. metformin intake was 1000 mg (range, 500-3000 mg). The most common concurrent controlled illnesses were dyslipidemia (29.33%), hypertension (16%), hypothyroidism (16%), cardiovascular diseases (12%), osteoporosis (4%), and fatty liver (3%).
As seen in Table 2 , 40 patients (53.3%) had GI side effects with persistent use of metformin tablet for 7.8 years in average (range, 1-30 years), including epigastric and abdominal pain, nausea, vomiting, diarrhea, and bloating. After receiving metformin capsule, about 16 patients who also had GI side effects with metformin tablet (21.3%, P = 0.001) reported GI side effects on metformin capsule, of whom none discontinued therapy. There was an improvement in HbA1c (from 7 to 6.8, P < 0.0001) after switching to metformin capsule. The result of patients' satisfaction based on VAS and NRS [13] indicated that in 59 patients (78.67%), GI side effects were reduced after switching to metformin capsule (mean score: 7.2, with the range of 6-9) while 16 patients stated no treatment preference. None experienced worsening of GI side effects by metformin capsule.
Discussion
In this study, we observed significant reduction in GI side effects of the patients after changing metformin tablet to metformin capsule. To the best of our knowledge, this is the first study that evaluated the GI effects of metformin capsule dosage form. Patients received metformin capsule for 6 weeks without any changes in the previous dosage (mean dosage was 1000 mg/day). Our results indicated that switching to metformin capsule led to a greater patient satisfaction (78.67%). A significant 21.3% reduction in GI side effects was observed after metformin capsule therapy. Improvement of GI side effects may be due to delay in release of metformin in the stomach, resulting a reduction in stomach irritation and GI side effects. HbA1c was checked to evaluate the effect of metformin capsule on controlling blood sugar. We have shown that switching from metformin tablets to capsules 
